The ruminal ecosystem is a fermentative milieu which is interesting to discuss in terms of its redox status as a reflection of an intense bacterial activity. The objective of this systematic literature review is to quantitatively analyze data collected on redox potential (Eh) in the rumen and to explore relationship between ruminal Eh, nature of the diet fed to ruminants, and ruminal fermentation parameters. Data obtained from 15 studies comprising 24 different diets was used in the analysis. Studies included in the data file were selected based on the criteria of: (i) the nature of the reference electrode was specified, (ii) the ruminal Eh was recorded simultaneously to pH, (iii) animal body weight (BW) and dry matter intake (DMI) were reported and (iv) the composition of the diet was precisely described. 
Summary
The ruminal ecosystem is a fermentative milieu which is interesting to discuss in terms of its redox status as a reflection of an intense bacterial activity. The objective of this systematic literature review is to quantitatively analyze data collected on redox potential (Eh) in the rumen and to explore relationship between ruminal Eh, nature of the diet fed to ruminants, and ruminal fermentation parameters. Data obtained from 15 studies comprising 24 different diets was used in the analysis. Studies included in the data file were selected based on the criteria of: (i) the nature of the reference electrode was specified, (ii) the ruminal Eh was recorded simultaneously to pH, (iii) animal body weight (BW) and dry matter intake (DMI) were reported and (iv) the composition of the diet was precisely described. Results showed a high variability in ruminal Eh values. However, all recorded values are markedly negative reflecting the absence of oxygen and the strong reducing power of the rumen environment. The main factors contributing to the variation were the method of Eh measurement and the nature of the diet fed to ruminants. Redox potential was positively correlated with DMI and proportion of concentrate in the diet, and tended to be positively correlated with soluble carbohydrates content. In contrast, it was negatively correlated with neutral detergent fibre from forages. The hierarchical ascendant classification discriminated two groups of diets leading to significant change in ruminal Eh level. Ruminal Eh was negatively correlated with pH, total volatile fatty acids produced and proportion of acetate, and positively correlated with proportion of propionate. This review revealed Eh to be dependent on the diet composition and DMI, at least within the range of diets included in the database.
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| INTRODUCTION
The rumen is an open ecosystem in which lives a highly diversified and predominantly strictly anaerobic microflora. The physico-chemical conditions of the biotope (high moisture content, temperature of 39°C, negative redox potential) are very favorable to the development and the fermentative activity of this flora. Like in other biological media, redox potential (E h ) is an important parameter because oxidation-reduction reactions are essential for the maintenance of all living microorganisms (Falkowski, Fenchel, & Delong, 2008; Husson, 2013) . Each microorganism type is adapted to specific Eh conditions and is characterized by its ability to develop within a range of Eh (Husson, 2013) : in general, aerobes require a range of E h between +500 to +300 mV, facultative anaerobes between +300 to −100 mV, and anaerobes between +100 to less than −250 mV (Ray, 2004) . Redox potential may occur at different levels in microorganisms and so, potentially modify their growth capacity and production of metabolites. Van Dijk and Veeger (1981) and Kalachniuk, Marounek, Kalachniuk, and Savka (1994) demonstrated that the metabolic activity of some key ruminal bacteria (Selenomonas ruminantium, Streptococcus bovis, Megasphera elsdneii) was affected by redox conditions, as previously reported by some authors in other biological media during fermentation processes (Escalante-Minakata, Ibarra-Junquera, Rosu, De León-Rodríguez, & González-García, 2009; Hirano, 2008; Picek, Simek, & Santruckova, 2000; Tomlinson & Kilmartin, 1997; Vivas & Glories, 1995 (Marden et al., 2008) was confirmed by Pinloche, McEwan, Marden, Bayourthe, and Newbold (2013) .
Since the Eh has an important effect on the enzymatic processes which are essential for bacteria metabolism, it seems important to investigate the reductive characteristics of rumen environment.
However, very little information is available concerning the Eh of rumen contents and how this changes with type of diet, known to also impact the profile of microbiota. Thus, the aim of this literature review is to provide a comprehensive overview on the current knowledge regarding the ruminal Eh and to identify the relationships between the Eh, the nature of the diet and the activity of the rumen microbiota.
| LITERATURE REVIEW
The redox conditions in the digestive tract of animals determine whether aerobic oxidation or anaerobic fermentation of nutrients should prevail and, consequently, may have a major impact on the digestion, metabolism, and assimilation of ingested nutrients. Few authors have assessed the redox conditions in different parts of the digestive tract of animals. The first researchers were Veivers, O'Brien, and Slaytor (1982) and Brune (1998) in herbivorous insects (termites).
They observed that the dilated hindgut is a strictly anoxic habitat (Eh values from −230 to −270 mV) while Eh in the midgut content is markedly positive with values greater than +100 mV. Similarly, in the gastrointestinal tract of goat and sheep, Marounek, Roubal, and Bartoš (1987) found that the range of Eh was rather very wide ranging from +100 mV (in the abomasum) to −220 mV (in the rumen and the colon). In piglet, Stewart (1997) −185 mV in the colon of swine (Lizardo et al., 2012) , −322 mV in the first compartment stomach of alpaca (Liu et al., 2009) , and from −115
to −300 mV in the rumen of ruminants (Table 1) .
Compared to pH, ruminal Eh has rarely been measured. It is mainly due to difficulties of measurement since the Eh is sensible to air contamination. Table 1 (Qin et al., 2017; . This latter technique allows simultaneous measurement of Eh, pH and temperature in the rumen, also allowing the monitoring of daily variations under strictly anaerobic conditions.
As shown in Table 1 electrode (calomel or silver-silver chloride) and C is the potential of the reference electrode used relative to the standard hydrogen electrode i.e., +199 mV at 39°C (Nordstrom, 1977) . Values reported in the studies of (Broberg, 1957a (Broberg, , 1957b , Mathieu et al. (1996) 
| ANALYSES OF RELATIONSHIPS BETWEEN EH , DIETARY FACTORS AND FERMENTATION PARAMETERS
There were only 24 potential references (Table 1 ) available for studying the relationships between the Eh, the nature of the diet and the activity of the rumen microbiota. Studies included in the data file were selected based on the criteria of: (i) the nature of the reference electrode was specified, (ii) the ruminal Eh was recorded simultaneously to pH, (iii) animal body weight (BW) and dry matter intake (DMI) were reported and (iv) the composition of the diet was precisely described.
Thus, seven studies were excluded, such as those of Andrade et al. (2002) , Broberg (1957a,b) , Mathieu et al. (1996) & Kalachnyuk, 1982; Marounek et al., 1987; Waghorn, 1991) and the others specified only OM, CP, NDF and starch contents. In addition, data relative to the quantification of VFAs were not available in seven trials (Barry, Thompson, & Armstrong, 1977; Krizova et al., 2010; Marounek et al., 1982 Marounek et al., , 1987 Richter et al., 2010; Waghorn, 1991) . Because of incomplete data, the Systool program and tables from Institut National de la Recherche Agronomique (2010) were used to estimate the chemical composition of the 24 diets, the daily ruminal production of tVFA and the proportion of each VFA. The
Clark's exponent (rH) which is a true index of the reducing status of a given milieu was also calculated by integrating both pH and Eh values in the Nernst's equation: rH = Eh/30 + 2 pH (Marounek et al., 1987) .
Descriptive statistics for data set used in the analysis are presented in Tables 3 and 4. Relationships between the Eh and, dietary factors and some ruminal fermentation parameters were evaluated from principal component analysis (PCA) loading plots, based on the correlation matrix, 
| RESULTS AND DISCUSSION

| Impact of the diet on ruminal redox status
The first objective of this review was to assess the relationships be- On the contrary, Eh was negatively correlated with neutral detergent fibre from forages (NDFF; r = −.441; p = .031) and tended to be negatively correlated with digestible neutral detergent fibre (DNDF; increasing the proportion of concentrates or adding starch and soluble carbohydrates to diets led to less reducing conditions. This was the case for diets in group 2 which had a higher (p < .0001) soluble
carbohydrates content compared to diets in group 1. All these diets were corn silage-based diets associated with crushed or ground corn.
In group 2, we also found a diet consisting of a mixture of chopped grass hay (27%), ensiled sugar beet pulp (13%) and concentrate (60%).
These preliminary results showed that the level of Eh in the rumen seemed to be directly related to the dietary characteristics (starch vs. cellulose).
These trends are in agreement with the results of other studies. 
| Ruminal redox conditions and bacterial activity
Another output of this study was to identify the relationships be- (Ungerfeld & Kohn, 2006) . Therefore, a relationship was expected between ruminal Eh and metabolic activity of the microorganisms during fermentation, as already observed by Baldwin and Emery (1960) and Kalachniuk et al. (1994) . The loading scores for the variables from the PCA are presented in Figure 4 . The crossvalidation technique established that two-first components are responsible for about 81% of the total variance in the pooled data.
Redox potential was negatively correlated with pH (r 2 = .747; p = .03; Figure 5 ). Some studies demonstrated a linear relationship between these two parameters in the digestive compartments where fermentation processes occur: the caecum of rabbit (Kimsé (Lizardo et al., 2012) and the rumen of small ruminants (Baldwin & Emery, 1960; Giger-Reverdin et al., 2006; Marounek et al., 1987) . In the present study, we obtained a non-linear correlation and it appears that below a pH of 6, the Eh value no longer varies ( Figure 5 ). This concerns only diets with a NDFF content less than 30% containing corn silage as sole forage and for a DMI between 3% and 4.5% BW. In any case, relationship between Eh and pH reflects that many biochemical reactions in digestive ecosystems depend on redox couples with exchanges of protons.
Redox potential was negatively correlated with tVFA produced 
| CONCLUSIONS
The ruminal ecosystem is a complex environment which is interesting to discuss in terms of its redox status as a reflection of an intense bacterial activity. This review revealed Eh to be dependent on the diet composition and DMI, at least within the range of diets stud- 
